Abstract-In this paper the investigated problem is how to choose assembly technology for particular mechanical device. The selection process is performed by application of optimization strategies in the presence of uncertainties and discreet number of alternative assembly technologies. Six strategies with proposed new optimization criterion are presented and discussed. In this paper, as a main optimization criterion, it is proposed to minimize the combined cost of labour and equipment (with respect to a single manufactured product). In addition to those strategies, in this paper, three new and modified strategies are proposed, which involve certain social aspects in the decision making process. The problem solution is demonstrated on a particular manufacturing problemassemble of a mechanical device (hydraulic gear pump).
I. INTRODUCTION
A formal criterion can be applied in order to help decision maker to choose the best assembly technology for each particular product. One possible way for performing this task is with an application of an optimization procedure under uncertainties [1] - [20] . The main strategies are summarized in [1] , [2] . Traditionally the optimization criterion is maximization of the profits [1] , [2] . However, in this paper the emphasis is put on the production part of the problem and the selling portion is not concern. Thus, it is proposed as a main optimization criterion the minimization of combined production costs (C) to be used. By doing so, in this paper as an objective function for the optimization it is proposed:
where f(x) is the minimal time for assembly of a device; M -are the additional material required for productions which include: working area, equipment (installation, operation), lighting, heating, electricity, energy and others. It is assumed that this costs are known in advance. In this problem there are two uncertain components: P 1 -expected labour cost (salaries and benefits) per operator per hour, which is ranged P 1min ÷P 1max and P 2 -expected production volume, which is ranged P 2min ÷P 2max . Also there are several possible assembly technologies V i . In accordance with the objective function (1) the cost of assembling of a device C i,j for each discrete Alexandar K. Ichtev is with Department of Systems and Control Engineering, the Faculty of Automatics at the Technical University of Sofia -Bulgaria (e-mail: ichtev@tu-sofia.bg).
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alternative (V i ) and for each combination (Θ j ) of the values of the uncertain parameters are determined.
In accordance with the ideas embodied in the strategy "Europe 2020" in this paper three modified strategies are proposed, in which an essential role is devoted to the social factors: maintaining employment resource, i.e. preserving jobs for the company's skilled workers during the economic crisis.
The paper is organised as follows: in Section II the investigated benchmark example is presented and a discussion is carried out regarding the ranges of the uncertainty parameters and possible assembly technologies; in Section III nine strategies for decision making are presented and results from the application of the benchmark example are presented. The first five of them are known from the literature optimization strategies, but in this paper a new objective function for the optimization is proposed and applied for all of them. The remaining four strategies are modification of the main strategies, in which the social factor, in terms of weighting coefficients, is added. In Section IV the results from all strategies is summarized. In addition discussion regarding the technology selection is carried out. Finally in Section V the conclusions are made.
II. MANUFACTURING PROBLEM -ASSEMBLE OF A HYDRAULIC GEAR PUMP
In this paper as a benchmark example the mass produced gear hydraulic pump with a flow rate 0.25 m 3 /h, operating pressure -1.6 MPa, nominal speed of 1450 min -1 , delivered power 0.33 KW and weighing 1.5 kg is considered. The complete technical documentation in 2D and 3D has been developed in [3] . There it is proposed a network model from which a multitude of 436 structural variants for assembly of the device were obtained. Then this number was reduced by adopting limits for the number of operators working on the assembly line -not greater than three and the workplaces area -not greater than 4 m 2 . At the end the structural variant that minimize the assembly time of a device has been chosen. In [4] possible technological variants for device assembly according to criteria: lower costs, incurred during the production cycle are analysed. As a result from this analysis the technological variants have been further reduced to three: technology V 1 -manual assembly with 12 components which involves three operators, working for three minutes eachwork duration f(x 1 )=0.15 h (3 min.); technology V 2 -a modular assembly (requires a re-design and integration of parts) with nine components, two operators working for two minutes each -work duration value f(x 2 )=0.067 h (2 min.); technology V 3 -automated assembly with six components, It is known that they are in the range: P 1 =10 ÷ 12 €/h; P 2 -number of orders for assembly products. It is expected they will be in between: P 2 =2500 ÷ 10 000 units. In Table I the possible combinations Θ i,j =1,2,3,4,5 of uncertain parameters values P 1 and P 2 are shown as follows: the first four combinations are derived from the boundaries and the last one is based on the average values of both uncertain parameters (P 1mid and P 2mid ). The calculations of the cost matrix (according to (1)), for each technology and parameter's combinations are presented in Table I (for the benchmark example). They are input data for considered optimization strategies. Through application of the proposed in this paper criterion (objective function in the optimization), a performance index for each technology and uncertain parameter combination is computed. In the following tables a new column "rank" is introduced. In it the analysed technologies are arranged according to the chosen preference. There, "1" corresponds to the preferred technology. This indicator is important for the technology selection summary, which will be carried out at the end of the paper, where comparative analysis is performed.
III. OPTIMIZATION STRATEGIES

A. Bayesian-Laplace Strategy.
Based on the algorithm presented in [1] , [2] , [12] , [13] and the proposed modification in the optimization criteria, the average cost in equal probability of all combinations of uncertain parameters are calculated. According to this modified strategy technology V i which corresponds to the minimum average estimated production costs is selected. For the studied case (hydraulic pump) the determination of optimal alternative is performed according to (2) and the results are presented in Table II . As a result from the implementation of this strategy the technology V 2 was obtained as the optimal one. 
From Table II can be seen that technology V 3 is very close in terms of optimal indicator, i.e. that V 2 and V 3 have similar production indicators and thus the production costs of technology V 3 will not be much bigger than V 2 .
For instance, increase in the production volume, or rise of the salaries can result in situation where technology V 3 will be preferable.
B. Favourable Circumstances Strategy.
Using the corresponding strategy presented in [1] , [2] , [17] the technology that provides minimal cost under the most favourable circumstances is selected. Note that the proposed change in the optimization criteria with cause corresponding change in the logic of the strategy. In this situation the criterion for determining the optimal alternative is presented in (3) and the calculated results from the implementation of this strategy are presented in Table III .
As a result from the application of this strategy it can be concluded that in this instance the technology V 3 should be selected as optimal. It has the highest productivity. The optimal result is obtained in combination Θ 2 of the uncertainty parameters which has a minimum hourly wages and maximum quantity of production. It should be taken into account that this is the perfect circumstances. This conclusion corresponds with the name of the strategy.
C. Unfavourable Circumstances Strategy.
According to references [1] , [2] , [17] and the proposed modification of the optimization criteria (also required change in the strategy logic), this strategy boils down to a search for technology that provides minimal production costs in the most unfavourable circumstances (pessimistic strategy). In this case the proposed calculation function for determining of the optimal technology is presented in (4). The calculated results for the discussed case study are presented in Table IV .
From the table it can be seen that the worst case scenario is with parameter combination Θ 3 -minimal production quantity and maximal employee wage. In this unfavourable production situation the technology V 2 is obtained to be with the lowest cost. In this technology significant initial investment is avoided in comparison to the purchase cost and commissioning into service of the robot. The disadvantage of this approach is increase of the time for fulfilling orders due to lower productivity. 
D. Regret Strategy -Savage Strategy.
Basing on the description presented in [1] , [2] , [14] , [17] the cost matrix from Table I is transformed into a matrix of regret - Table V , where r i,j is the "regret" of the person making decision for taking not the best choice of technology in a particular combination (Θ j ) of the uncertain parameters. Note that the proposed changes in the optimization criteria for this strategy will lead to change in the selection logic as well.
Production costs for each option V i are correlated with the minimum and maximum (C min and C max ) which are derived from the costs matrix. The obtained optimization criteria for this instance is described with (5) . For the benchmark example the results are presented in Table V 
As a result from the application of this strategy the minimal regret is with technology V 2 and thus it is chosen as optimal one. This results are obtained for combination Θ 3 -minimal number of manufactured units and a maximum operator's wage. This situation is unfavourable for production because the costs will be high which in term will reduce competitiveness and this can even lead to a jobs reduction.
E. Framework Strategy -Hurwitz Strategy Without Weight Coefficients.
Using the description shown in the literature [1] , [2] , [15] and the proposed changes in the optimization criteria for this strategy, each alternative V i is calculated. In order to do so the maximum and minimum operating costs (min C i,j and max C i,j ) are determined and then their average value are taken. The calculations for determining the optimal technology are performed according to (6) and the result from the task in consideration are presented in Table VI .
After calculations and application of the optimality criterion for optimal technology again the chosen technology is V 2 . According to this strategy production costs are minimal, but productivity is not the highest one (unlike technology V 3 ). As mentioned above the choice of technology V 2 would lead to decrease in the assembly efficiency which in turn will lead to increase of the production time per device (assembly of a pump). The social factors can be priority at a particular time, but it is not always suitable for long-term development of the plant.
F. Hurwitz Strategy with Weight Coefficients.
The idea of this strategy is also given in [1] , [2] , [15] . There it is proposed to apply weight coefficients, based on the priorities of the decision maker on pessimism and optimism. The goal is to overcome the reinsurance of selection of the most useful solution and to overcome complete pessimism. The coefficients should comply with 0 ≤ α vi ≤1 and ∑α vi =1.
For this particular benchmark example they are chosen as α v1 =0.2, α v2 =0.3, α v3 =0.5. Since the proposed in this paper optimization criterion is changed, following coefficients are required instead 1-α v1 =0.8, 1-α v2 =0.7, 1-α v3 =0.5. They are multiplied with the minimum and maximum production costs, presented in column 7 and 8 of Table VII. Determining the optimal alternative is carried out in accordance with (7) .
By observing Table VII it can be concluded that for optimal technology should be chosen technology V 3 . This result is favourable in respect of production parametershigh productivity and lower cost of production. This should be expected because the preference coefficient of this technology is the greatest. It can be noted that even with these selected coefficients the technology V 2 is a slightly inferior of technology V 3 .
G. Modification of the Bayesian-Laplace Strategy with a Social Element and Weight Coefficients.
In this paper the main goal for proposing modifications to the strategies is to add a social element in the decision making process. This is relevant with trends in social programs of the strategy "Europe 2020". The goal of those modified strategies is through minimizing the costs of assembly to add an intension for possible preservation of jobs for qualified workers. This is economically justified if it is assumed that these skilled workers will be needed in the company at the near future. It is proposed to set a weight coefficient for each technology V i , which reflects a desire to keep more workers. This is similar idea to the one presented in the previous strategy. Thus, the strategy with more workers would receive a smaller coefficient and therefore less weight in the criterion for optimization, since the proposed optimization criteria is minimum production costs. Based on the above-described Bayesian-Laplace strategy and by introducing additional weighting factors α (0≤α vi ≤1, so Σα vi =1). The optimal alternative is determined according to the criterion (8) .
As technology V 1 is with most operators it coefficient (α vi ) must be at smallest. The next priority is for technology V 2 , and the last is a technology V 3 . In case where the goal is to preserve the jobs of qualified operator's weightings have the following meaning: level relative to relevant technology corresponds to the readiness of the decision maker to provide the necessary additional funds in order to maintain the appropriate number of jobs in the plant.
For this case the selected values of weights are: for technology V 1 (preserve is 3 jobs) α v1 =1/2=50%; Table VIII . As a result of the modified Bayesian-Laplace strategy turns out that the choice of technology V 1 is chosen as an optimal one. In this case, it is taken into account the social factor and as a result the maximum number of employees are retained.
In the Bayesian-Laplace strategy (without taking into account weighting factors) for optimal technology was obtained V 2 . Analysing the results of application of the optimality criterion for each technology indicate that even with the implementation of the modified strategy the resulting indexes for technologies V 1 and V 2 are pretty close. This is indicative that the choice of technology V 1 does not lead to large reductions in productivity. This difference is the smallest one in comparison with all other strategies. At the same time, the assembly cycle of a pump for the two technologies is similar.
H. Modification of the Bayesian-Laplace Strategy with a Social Element and Additional Funding.
One additional modification of the strategy is proposed. The optimality criterion of the original Bayesian-Laplace strategy (with proposed changes in the criterion) will remain the same, i.e. optimal technology is that a minimum average estimated costs.
A further condition is that the company can expect outside funding: for example: unemployment fund, for development of underdeveloped areas (e.g. -transporting workers from undeveloped areas to work in industrial enterprise in need of their skills) or labour costs -P 1 (e.g. -salary and benefits) for one or more temporary workers. The optimization criteria is described with (9 ) .
In Table X it is taken into account that maximum two workers are employed with full financing from an external funds (note that unexperienced workers will perform their tasks slower and also some additional initial training is required. Also, it can be expected reduction in the quality of the product. This factors are not taken into account in this investigation). The very important condition is that at least one worker in the team has a permanent employment contract with the company. This is relevant with the parameters of the technology V 1 , because for the realization of this particular technology are employed three operators. External full or partial funding decreases labour component in the production cost for this technology and the start-up costs are minimal. That corresponds to reduction of the cost of the final product. This could lead to expansion of the markets for this particular product, but it is useful only in the short term because funding from external sources is provided just for a limited period of time.
I. Modification Strategy under Temporary Unfavourable Circumstances Strategy
In this paper a modification of the unfavourable circumstances strategy is proposed by introducing the same weight coefficients as strategy G. The determination of the optimal situation is carried out according to (10) and the calculated results are presented in Table X .
As can be seen the great importance is payed to the social factors, which is evident from the weighting coefficients α vi . According to this optimality criterion technology V 1 is chosen as optimal. This modification is related to jobs preservation in the plant which would satisfy the demands of employees and Trade Unions. This is going to reduce the plant's profits, will hold back its modernization and harm the production efficiency. This technology has significant advantages in а short-term production, because it will keep qualified workers which will increase capacity for development of the plant in the future. According to (1) (in inverse proportional relation between C and P 2 ) calculated above cost matrix has a correlation between unfavourable circumstances with low orders volume for the assembly product. In case of single units production even the cost for redesigning of the product can be avoided by application of technology V 1 . However, in this case the production time will be further increased. On the other hand this situation could be a dangerous in aspect of shrink production that can lead to reduction of jobs and turnover of qualified operators. If there are suggestions that these adverse circumstances are temporary (possibly out of the crisis) a thought can be given in regard to a new or modified strategy which takes into account the wishes of employers and/or Trade Unions to keep qualified workers. In order to achieve this, some funds from the company should be dedicated -e.g. at the expense of less profit to allow for partial coverage of total costs -for the considered technologies.
IV. ANALYSIS OF THE RESULTS
In this section a comparative analysis of the various strategies implementation is carried out. Similar comparison is proposed in [1] . For the investigated system (hydraulic gear pump) the data is presented on Table XI. For each strategy the optimal choice is presented. The production costs are determined by the costs matrix for assembly of a single device. In this particular case, a situation where uncertain parameters are in the middle of their ranges is considered (combination Θ 5 ). After observation of Table XI it can be concluded that the technology V 1 has a definite advantage over other technologies in the case when the social factor is form great importance for the decision making person. However, especially for long term production, its economic indicators are weaker in comparison to other technologies. This is especially true for large-scale production.
The technology V 2 is considered as optimal for the largest number of the investigated strategies. This is evidence for the versatility of this strategy (satisfy a wider range of different criteria). Thus, its selection is the most obvious choice. This strategy should be considered as a primal strategy.
As it can be seen from the Table XI, the technology V 3 is optimal in a small number of cases, but its results are superior in comparison to the other technologies efficiency. It should be considered when the number of produced units is large and/or the wages are high.
V. CONCLUSION
In this paper the task for technology selection is examined. The results are demonstrated on a benchmark example: assembly of a mechanical device -gear hydraulic pump. The investigated strategies are for optimization in the presence of uncertainty and final number of possible technologies. As a main optimization criterion the minimization of the costs for labour and equipment for assembling the device is considered. The implementation of the various strategies for the example is presented as well. The results are discussed as well.
Three modified strategies involving certain social elements that are the relevant with the social trends of the strategy "Europe 2020" are proposed in this paper in addition to standard strategies.
A comparative analysis of results obtained from the implementation of all strategies for optimization is prepared at the end. The conclusion about the strategy selection is carried out.
